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Abstract:
Nausea and vomiting are the most distressing and common side effects of cancer chemotherapy which often result in patient non-compliance. In the present study, standardized methanolic fractions of Bacopa monniera (BM) were evaluated against cisplatin induced emesis in the pigeon in relation to their activity on central and intestinal neurotransmitter levels. Cisplatin (7.0 mg/kg, i.v.) induced reproducible emesis without lethality in healthy pigeons. The methanolic (10-40 mg/kg), the bacoside rich n-butanolic fractions of B. monniera (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) mg/kg) as well as the antioxidant N-(2-Mercaptoprpionyl) glycine (10 mg/kg) attenuated cisplatin induced emesis by 66.3% (P<0.05), 71 .6% (P<0.001) and 76 .5% (P<0.001), respectively; where the standard antiemetic, metoclopramide (30 mg/kg), produced a 48.9% reduction (P<0.01).
The methanolic and n-butanolic fractions of B. monniera at all of the doses tested significantly reduced the serotonin concentration (P<0.001) in the brain stem and intestine 3 h after cisplatin administration, while at the 18 th hour, B. monniera treatments attenuated not only the dopamine upsurge in the area postrema and brain stem (P<0.05-0.001), but also the intestinal 5-HT concentration (P<0.01-0.001). B. monniera treatments alone did not alter the basal neurotransmitters or their metabolites in the brain areas and intestine.
The prolonged suppressive effect of BM treatments on the behavioral signs of cisplatininduced emesis, the subsequent supportive neural evidence and the safety and tolerability profile suggest that B. monniera methanolic and bacoside rich n-butanolic fractions might be a valuable adjunct in the treatment of emetogenic chemotherapy and this warrants further study in other models of emesis.
Introduction:
Nausea and vomiting induced by chemotherapeutic agents like cisplatin are accepted as the most distressing adverse effects of cancer chemotherapy [1, 2] . These side effects often result in poor patient compliance and if not satisfactorily controlled, can lead to refusal of treatment [3] . The older classes of antiemetics including antagonists at histamine, dopamine, and muscarinic receptors exhibit only modest effects against chemotherapy emetogenesis. In addition, these antiemetics also possess their own inherent assortment of unpleasant side effects [4] .
The development of 5-HT 3 receptor antagonists subsequently revolutionized the treatment of chemotherapy induced vomiting (CIV), and interestingly, an acute (day 1) and delayed (post day 1) biphasic nature of their activities has been perceived. Unfortunately, approximately 10 -30% of patients are unprotected by 5-HT 3 receptor antagonists [5] , the delayed phase of vomiting being the most poorly controlled [6] . Tachykinin NK 1 receptor antagonists, such as aprepitant, have a wider spectrum of antiemetic action than the older classes of drugs, are now being used in combination with 5-HT 3 receptor antagonists and co-administered with glucocorticoids to control emetogenic chemotherapy [7] .
Cancer chemotherapy is inevitably damaging to tissues, inducing lipid peroxidation and the generation of free radicals such as hydrogen peroxide, hydroxyl-and superoxide-anions [8, 9] .
In this regard, there are reports demonstrating the involvement of free radicals in the mediation of cisplatin induced vomiting [10, 11] . Generation of free radicals is believed to occur at an early stage of treatment, and it is hypothesized to initiate the release of 5-HT from enterochromaffin cells in the gastrointestinal tract. The subsequent local activation of 5-HT 3 receptors on abdominal vagal afferents is then thought to make a substantial contribution to the mechanism(s) giving raise to CIV 12, 13] . Apart from serotonergic receptors [12, 14, 15] , tachykinin [16, 17] , cannabinoid [18] and DA receptors [19] [20] [21] have also attracted interest as targets for antiemetic efficacy and it is likely that they all play some role in the central control of chemotherapy emetogenesis [18, 19, 22] . DA D 2 receptors, localized in the limbic system, hypothalamus, amygdala and also in the brain stem emetic circuitry have received particular attention in this respect [23] .
The incapacity of any single antiemetic agent to provide universal efficacious control of chemotherapy induced emesis is guiding current research endeavor towards a more wideranging mechanistic approach. Indeed, there is evidence for the involvement of several neurotransmitter systems including serotonergic [24, 25] , dopaminergic [20, 21] and neurokininergic [16, 26] pathways in emetic neuronal circuitry. In light of this, emesis induced by anticancer drugs is associated with elevated 5-HT levels in the intestinal mucosa as well as the brainstem [27, 28] and this is the reason why this neurotransmitter has been considered as one of the primary instigators of chemotherapy induced vomiting for quite some time [29] . This concept is additionally supported by human and animal studies demonstrating increased urinary levels of 5-HIAA [30, 31] and 5-HT in intestinal ileal segments.
Bacopa monniera (Linn.) Pennell [syn Bacopa monniera (L) Wettst., Herpestis monniera, Gratiola monniera) (family -Scrophulariaceae), known as "Brahmi" in India and "Jal Neem Booti" in Pakistan is a perennial herb which is found in marshy places around the world including Pakistan [32] . BM has a long history of clinical usage in ayurvedic medicine, particularly for the treatment of neuropathic diseases [33, 34] . The herb has a number of identified pharmacological properties including an ability to block calcium channels [35] , and to prevent DA receptor-mediated hyperactivity in rats [36] . BM is also well-known to have antioxidant activity [37] and is protective against aluminum-induced oxidative stress, which is mechanistically similar to the oxidative stress induced by cisplatin [38] [39] [40] [41] .
In recent years, BM has been studied in an attempt to identify its active constituents. Thus, bacoside "A" was shown to be the major constituent comprising a mixture of four compounds, namely bacoside A 3 (Fig 1s) bacopaside II, (Fig 2s) bacosaponin C (Fig 2s) , and jujubogenin isomer of bacosaponin C [42] . Since BM possesses strong antioxidant activity, and inhibitory effects on hyperactivity mediated by DA receptors [43] , we hypothesized that standardized extracts of the herb may have antiemetic properties. The present studies were designed, therefore, to investigate any antiemetic potential of the methanolic fraction of BM (BM-MetFr), and the bacopaside rich n-butanolic fraction (BM-ButFr), against the cisplatininduced retching and vomiting paradigm in the pigeon. In conjunction with this work, concentrations of neurotransmitters and their metabolites were evaluated in the brain and intestine in order to expose any correlative changes with antiemetogenesis.
Results:
Cisplatin induced vomiting at doses as low as 5.0 mg/kg, but the response was only seen in 60 % of pigeons. Cisplatin (7.0 mg/kg) induced a response in all animals tested which comprised approximately 43 episodes following a mean latency of ~ 67 min ( Figure 1A ).
Increasing the dose further augmented the number of vomiting episodes. Regardless of the dose, all responding animals appeared to vomit within the first two hours after cisplatin administration, with the most intense period occurring around the first hour ( Figure 1B ).
There were no mortalities during 24 h of observation period. A phytochemical investigation of crude BM-MetFr revealed the presence of saponins, flavonoids, tannins and triterpenoids, and the absence of alkaloids and glycosides (Table 1s) . HPLC -UV analysis of the BM methanol fraction provided finger prints for the presence of bacoside "A" major components including bacoside A 3 , bacoside II and bacosaponin "C".
The total run time was 33 minutes at a flow rate of 0.6 mL using a wavelength of 205 nm ( Figure 2 ). The peaks and retention times were first confirmed using standards of the respective bacosides. Our results indicated the presence of these bacosides in concentrations of 24 ± 1.1 µg/ mg, 4.76 ± 0.03 µg/ mg, 1.23 ± 0.01 µg/ mg (n = 3) for bacoside A 3 , bacoside
II and bacosaponin C, respectively. Likewise, the total concentration of bacoside "A" major components in BM-MetFr was 29.99 ± 2.1 µg/ mg of extract.
HPLC analysis of the BM n-butanol fraction revealed that it was the bacoside rich fraction which contained the bacoside "A" major components: bacoside A 3 , bacoside II and bacosaponin C in concentrations of 57.91 ± 3.2 µg/ mg, 40.60 ± 0.9 µg/ mg, and 17.23 ± 1.7 µg/ mg (n = 3), respectively. Similarly, the total concentration of the three major components within bacoside "A" was 115.74 ± 3.9 µg/ mg in the n-butanol fraction or 38.37 ± 0.7 µg/ gm of the dry powder. These values closely correlated with the values reported previously by Rauf and others [44] . Table. 1) during the 24 hr observation period. The antiemetic action appeared to last for up to 16 hr ( Fig. 4 B) .
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Similarly, the BM n-butanol fraction (5 -20 mg/kg) reduced cisplatin induced vomiting to 12 ± 2.2 episodes (71.6 % protection) and delayed the onset by approximately 67 min. (Table 1) Moreover, the antiemetic action was evident for up to 24 hr in animals treated with 5.0 and 10 mg/kg (P < 0.001; Fig The antioxidant N-(2-Mercaptoprpionyl) glycine (MPG; 10 mg/kg) attenuated cisplatin induced vomiting to 76.5 % (P < 0.001, Table 1 2) and delayed the onset of vomiting by 347 mins but the vomiting suppression was observed up to 12 h ( Fig. 4 A) . found to be statistically significant (P < 0.05 -0.001, Table 1 ). In the control cisplatin treated animals, there were ~ 590 jerking episodes during the 24 hr observation period. Neither fraction of BM at those doses studied evoked any effect on any jerking episodes although MPG did significantly reduce cisplatin induced jerks (P < 0.05, Table. 2).
As shown in table 2, neither BM-MetFr (10, 20 and 40 mg/kg) nor BM-ButFr (5.0, 10 and 20 mg/kg) significantly modified basal levels of the neurotransmitters (NA, DA and 5-HT) or their metabolites (DOPAC, HVA and 5-HIAA) in the area postrema and brain stem or the small intestine. However, both BM-MetFr (10, 20 and 40 mg/kg) and BM-ButFr (10 mg/kg) significantly decreased (P < 0.01) the level of 5-HIAA in the brain stem. Moreover, intestinal NA showed an upsurge (P < 0.001) in response to BM-ButFr (20 mg/kg) ( Table 2) . *P < 0.05, **P < 0.01, ***P < 0.001 as compared to cisplatin control (ANOVA followed by Tukey post hoc analysis; n = 6 -8).
Cisplatin treatment significantly increased (P < 0.001) the concentration of 5-hydroxy tryptamine (5-HT) in the brain stem and small intestine as compared to basal control levels, while no significant increase was observed in the area postrema (Table 3 ). Treatment with MCP (30 mg/kg) did not modify the concentrations of NA, DOPAC, DA, 5-HIAA and HVA in either brain area or the intestine, but it did significantly decrease (P < 0.001) the concentration of 5-HT in the brain stem and intestine as compared to the cisplatin control (Table 3 ). In addition to its inhibitory effects on 5-HT, MCP also decreased the 5-HIAA concentration in the area postrema (Table 4) , while no significant change was observed in the brain stem or small intestine (Tables 3 and 4 ).
BM-MetFr (10, 20 and 40 mg/kg) and BM-ButFr (5.0, 10 and 20 mg/kg) treatments reduced the concentration of 5HT in the brain stem (P < 0.001) and intestine (P < 0.001, Table 3 ) as compared to cisplatin control, without any significant effects on NA, DOPAC, HVA and 5HIAA. Furthermore, no significant alteration was observed in the area postrema. Cisplatin increased the level of DA highly significantly (P < 0.001) in the area postrema, while no significant increase was observed in the brain stem or small intestine (Table 4 5 ).
Concentration levels of 5-HT were also raised in the brain stem (P < 0.05) and small intestine (P < 0.001), without affecting NA, DOPAC, 5-HIAA or HVA levels in the brain stem and intestine or 5-HT in the area postrema (Table 4 ). Treatment with standard metoclopramide (MCP; 30 mg/kg) significantly decreased the upsurge of DA in the area postrema (P < 0.001) and brain stem (P < 0.01; Table 4 ).
Both fractions of BM i.e. methanolic (BM-MetFr; 10, 20 and 40 mg) and butanolic (BM-ButFr; 5, 10 and 20 mg) were found to be highly effective in reducing the DA concentration (P < 0.001) in the area postrema with respect to the cisplatin control. A similar effect was also seen in the brain stem but with variable statistical significance (P < 0.05-0.001; Table 4 5). However, BM-MetFr (20 and 40 mg/kg) failed to attenuate DA concentrations in the brain stem (Table 4 ). Moreover, in the small intestine, there was a significant reduction (P < 0.001) in the levels of 5-HT in response to the BM methanolic and butanolic fractions to all the doses tested, with the exception of BM-MetFr (40 mg/kg) and BM-ButFr (5.0 mg/kg).
Furthermore, BM-MetFr (40 mg/kg) and BM-ButFr (20 mg/kg) significantly (P < 0.05) decreased the level of 5-HIAA in the area postrema (Table 4 ). denoted by *P < 0.05 **P < 0.01 ***P < 0.001, while values significantly different from basal level are indicated by #P < 0.05 ###P < 0.001 (ANOVA followed by Tukey post hoc analysis; n = 6 -8).
Discussion:
The pigeon is a species that has been used in emesis research for many years and it responds to a number of different emetic stimuli including cardiac glycosides [45, 46] ), reserpine [47] , sigma receptor ligands [48] , and the chemotherapeutic drugs cyclophosphamide [49] and cisplatin [50, 51] . In terms of its translational value, it can be used to assay the antiemetic activity of several classes of drug including 5-HT 3 and NK 1 receptor antagonists [16, 52] and the glucocorticoids [53] . Investigators have studied lower doses of cisplatin (4.0 mg/kg), where the emetic response can continue for several days and is mediated by vagal and reserpine-sensitive monoaminergic systems [16, 54] . In our studies, we used cisplatin at a dose of 7.0 mg/kg and found a reproducible emetic response in all animals for 24 hours without lethality. We also observed that cisplatin at the lower dose of 5.0 mg/kg induced vomiting in 60 % of the animals and this slightly higher dose response relationship with respect to previous studies may be attributed to species differences, environmental factors and food. There is no mechanistically distinct acute or delayed phase of chemotherapy induced vomiting in the pigeon, even though previous studies have monitored emesis for up to 72 hours [16, 53] . In our studies, we observed the animals for 24 hours to comply with the ethical use of animals.
Our study is the first to report the antiemetic activity of BM in the pigeon model and this
indicates that the antiemetic activity should be evaluated in other animal models such as the dog [55] and ferret [56] where delayed emesis can be observed. The major finding of the present study was that both methanolic and n-butanolic extracts of BM possessed antiemetic activity with an efficacy and duration of action superior (MCP). MCP, a D2 and 5-HT 3 receptor antagonist with 5-HT 4 receptor agonist properties, was chosen as the reference standard drug [57] . The dose of MCP that we selected was higher than that required to antagonize cisplatin-induced emesis in other species [58] , and was based on a previous study in the pigeon showing activity against reserpine induced emesis [59] .
The anti-emetic activity of BM-MetFr prompted the screening of the bacoside rich nbutanolic fraction (BM-ButFr), which proved to be more potent than BM-MetFr indicating a potential inhibitory role of bacosides against vomiting induced by cisplatin.
Bacosides have been reported to exhibit anticancer effects [60] , potent antioxidant activity [37] , and neuroprotective properties against aluminum induced oxidative stress [38, 39] . Furthermore, there is a close mechanistic resemblance between the oxidative stress induced by aluminium and cisplatin in the cellular cytoplasm and mitochondria [38, 41] . In the long term, BM can restore the normal antioxidant defense mechanism of the body [61] , which may be useful in protection against delayed emesis. It is possible that this action could further contribute to its antiemetic mechanism of action, since the antioxidant MPG is effective against cisplatin induced vomiting in the pigeon and this finding has also been reported in other species [10, 13] . Nevertheless, the efficacious and potent antiemetic nature of BM-ButFr, compared to MCP, may be putatively attributed to the bacoside A components namely bacoside A 3 , bacoside II and bacosaponin C which are detectable in the plant extract (n-butanolic fraction) in concentrations up to 57.91 ± 3.2 µg/ mg, 40.60 ± 0.9 µg/ mg, and 17.23 ± 1.7 µg/ mg, respectively. Likewise the three major components of bacoside A at a total concentration of 115.74 ± 3.9 µg/ mg were identified in BM-ButFr or 38.37 ± 0.7 µg/ gm of the dry powder, which concurs with an earlier report [44] . The presence of steroidal saponins, including bacoside A, which along with bacopaside 1 constituted more than 96%w/w of the total saponins of B. monniera [62] , are able to cross the blood brain barrier and modulate enzyme activities, proteins, and neurotransmitters in different brain regions [63] [64] [65] [66] [67] .
Treatment with BM extracts decreased the concentration of 5-HT in the brain stem and intestine ( Table 3 ) three hours following cisplatin administration. The BM herb itself has been proved to be antioxidant [68] and this is one of the probable mechanisms by which BM-MetFr and BM-ButFr reduced the intestinal and brain stem concentration of 5-HT in comparison with MCP (Table 3) Furthermore, there is evidence of a comparatively high density of 5-HT 3 receptors in the NTS [70, 71] and DMV [72] which would support the contention that BM administration would be antiemetic.
BM treatment had no effect on the levels of neurotransmitters (NA, DA and 5-HT) or their metabolites (DOPAC, HVA and 5-HIAA) in the area postrema during acute time (3 hour after cisplatin administration). However, the area postrema is thought to be involved in the delayed phase of vomiting because ablation of this medullary region suppresses it [73] . Furthermore, in the brain vomiting circuitry, dopamine receptors also located in the area postrema are regarded as the source of both morphine and apomorphine emesis [74] [75] [76] . Conversely, 5-HT is reported to be the primary mediator of the acute cisplatin vomiting response via the NTS [56, 77] Table 4 ). The magnitude of DA upsurge at the level of the area postrema was far greater than in the intestine, as the area postrema is considered to be involved in delayed sickness [73] and is the source of vomiting induction by morphine and apomorphine via the dopaminergic system [74] . Tanihata In conclusion, the present study has disclosed that BM extracts provide a long lasting suppression of vomiting induced by cisplatin, whereby anti-serotonergic and antidopaminergic activities occur over early and late emetic phases in a continuum. Thus during the early phase, anti-serotonergic effects predominate while in the later phase there is an anti-dopaminergic aftermath. BM-BuFr, which is rich in bacoside A, showed superior antiemetic activity, thus implicating the role of bacoside A in the antiemetic activity of BM, though further studies are required ti investigate the involvement of its individual components. Moreover, BM is known to be non-addictive, and has a tolerable safety profile making it worthy of further investigation as an anti-emetic agent, or at least an adjunct, against cisplatin induced vomiting in other animal models as well as in man.
Materials and Methods:
Animals: to remove fats and chlorophyll-type pigments. The product was then extracted using commercial grade methanol (1.5L) in a soxhelet apparatus to yield 28 g. The resultant material was subfractionated to obtain the n-butanol fraction (yield 1.6 grams), which is reported to be rich in bacosides [87] . The methanolic fraction (BM-MetFr) and the bacoside rich n-butanolic fraction (BM-ButFr) of the plant were dissolved in distilled water prior to antiemetic testing.
Gross phytochemical investigation:
BM was screened preliminarily, for the presence of glycosides 
Quantification of Bacosides in BM methanol and n-butanol fractions:
High performance liquid chromatography coupled with UV was used for the quantification of Bacoside "A" major components bacoside A 3 , bacoside II and bacosaponin C using our own method with slight modification [44] . Briefly, 5mg of BM-MetFr or BM-ButFr was dissolved in 5mL of HPLC grade methanol, centrifuged at 3000 rpm for 10 minutes and filtered through 0.45µ filter. 300µL of the filtered solution was further diluted with methanol to make up a volume of 5mL. HPLC system equipped with LC-20AT double pumps (Shimadzu, Japan), a rheodyne injector of 20µL loop, SPD-20A UV detector (PDA) and purospher C18 column (250mm × 4.6mm × 4µm particle size) was used. The mobile phase consisted of 0.2 % phosphoric acid and acetonitrile (62:38, v/v). The mobile phase PH was adjusted to 3 using 3M NaOH.
Drug formulation:
Cisplatin was dissolved in normal saline by heating up to 60 o C, cooled to 40 -45 o C and immediately administered. The methanolic and n-butanolic fractions of BM were dissolved in normal saline by gentle agitation and sonicated to get a clear solution for in vivo administration.
Drug administration:
Cotton wool and methylated spirits were used to sterilize the skin prior to drug administration. Intravenous and intramuscular administrations were done through the brachial wing vein and chest muscle, respectively using Neoject 2ml non-pyrogenic syringes with sharp painless needles (27G × 1/2" for the i.v. route, and 23G × 1" for the i.m. route).
Immediately, after the last injection, the animals were put back in the specially designed confining/observation cages and the incident counts of R + V and latency to first vomit were recorded for 24 h. At the end of experiment, body weight loss was calculated. Subsequently, the animals were decapitated to terminate the experiment.
Antiemetic assay:
On the day of the experiment, the pigeons were placed in individual cages specially designed for video observation. A preliminary study was conducted to evaluate the optimal dose of cisplatin to induce vomiting. Thus, cisplatin (2.0 -10mg/kg) was administered intravenously via the brachial wing vein at 0 minutes (t = 0) [54] . The behavior of each pigeon was then recorded for 24 h. Food and water were available during the observation period and each animal was used only once. The response with or without oral expulsion was considered as one vomiting episode [92] . The latency to first vomit and the number of vomiting episodes were recorded. A vomiting episode was considered to be completed when the pigeon adopted relaxed posture. Jerking episodes, which are indicative of vomiting intensity, were also recorded. In subsequent antiemetic studies, cisplatin was used at 7.0 mg/kg, i.v. to elicit an emetic response to enable assessment of the potential antiemetic action of the BM fractions, MCP and MPG. In these studies, BM-MetFr, BM-ButFr, MCP and MPG or respective vehicles, were administered 30 minutes before cisplatin administration.
Tissue sampling for neurotransmitters analysis:
Two discrete parts of the brain (brain stem and area postrema) as well as the intestinal samples 5 -6 cm from the pylorus were used for the neurotransmitter analyses and the effects of BM-MetFr, BM-ButFr and MCP were investigated. At the end of each experiment, animals were decapitated and the brain areas and intestinal samples were rapidly dissected and placed on an ice cold plate (0 o C). The dissection of brain parts was carried out according to the atlas of Karten and Hodos [93] and Henri M. Duvernoy [94] . After decapitation of experimental animals, the dorsal surface of the skull was exposed by making an incision along the midline, and the temporal muscles were stripped off to expose the skull bone. After exposing the skull, bones and meninges were carefully removed in such a way to expose the brain hemispheres, especially to make the brain stem prominent from the ventral aspect. The long strip of capillaries stretching from the obex on the median line to the lateral angles of the fourth ventricle (area postrema) was dissected followed by dissection of the brain stem.
Jejunal samples of about 2 cm were rapidly removed and washed with ice cold saline. The collected samples were rapidly frozen on an ice plate and stored at -80 o C until analysis.
Determination of neurotransmitters and their metabolites:
Tissue samples were homogenized in cold 0. 
Statistical analysis:
The differences between means were evaluated using a one way analysis of variance (ANOVA) followed by Tukey's multiple comparison tests. P<0.05 was considered as statistically significant. The animals which showed complete suppression of R + V were not included in statistical analyses for latency. Data represent the mean ± SEM unless otherwise indicated.
Supporting information
The structures of the major bioactive components of bacoside A and details of the phytochemical screening of BM-MetFr are available as Supporting Information
